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COMPLETE SPEOFICATION 

Improvements in or relating to Combined Gas Turbine Plant and 

Ram-Jet Units 



We, Societe Nationale D*Etude et de 
Construction de Moteurs D'Aviation, a 
French Body Corporate, of 150 Boulevard 
Haussmann, Paris, France, do hereby declare 
5 the invention, for which we pray that a patent 
may be granted to us, and -the method by 
which ro is to be performed, <to be particu- 
larly described in and by the following state- 
ment: — 

10 In ramjets, it is known that slowing down 
of air in- the combustiom chamber, which is 
accompanied by an increase of pressure, is 
obtained by at suitable design of the air in- 
take. This duct has ahead of the combustion 

15 chamber a divergent part acting as a diffuser. 
However, at high altitudes, the absolute 
pressure in the combustion chamber and the 
air temperature go down to such a point that it 
is impossible to get a good combustion and 

20 unexpected extinctions have been observed. 
The present invention permits to overcome 
this difficulty and to increase the highest alti- 
tude at whicft the ram-jet can still work satis- 
factorily. 

25 In accordance with this invention, a com- 
posite gas- turbine pknt audi rainvjet unit 
is characterised in that one or more auxiliary 
combustion chambers of relatively smal 
volume are arranged! inside the matin com- 

20 bustion chamber of the ram-jet unit and com- 
municate with said main chamber through 
orifices facing in a direction substantially in- 
clined with respect to the flow direction! of the 
stream through the ram-jet unit, said auxiliary 

35 combustion chamber or chambers being fed! 
with fuel and with air tapped from the com- 
pressor of the gas turbine plant or other part 
thereof wherein the pressure is substantially 
greater than the pressure obtaining in the main 

40 combustion chamber of the Tamnjet unit. 

The invention is illustrated by way iof 
example in the accompanying drawings in 
which: — 



Figs. 1 and 2 are longitudinal sections of 
two embodiments of the invention. 

On Fig. 1, we see, at 1, the air intake 
duct of the -ram-jet which slows down the 
velocity of the air going through the aperture 

2 and increases the air pressure; at 3 the centre 
part wherein the velocity is slowed! down and 
wherein the combustion of the injected fuei 
must be done; finally, ait 5, the expansion 
nozzle giving the propelling jet. 

Auxiliary combustion chambers 6 hav- 
ing a small volume and a faired shape are 
located in fthe combustion chamber 3. They 
are distributed: around the ram-jet centre- 
line. Each of these chambers has a nozzle 
7 by which fuel is injected and receives 
through a duct *8 the combustion air under a 
fairly high pressure from an air compressor 
9. This air compressor is part of ai turbo-jet 
engine indudling the combustion chambers 10, 
the gas turbine 11 which drives the air com- 
pressor 9, and the expansion nozzle 12, an 
after-burning chamber 13 with its injectors 14 
being advantageously placed! between' the tur- 
bine 11 and the nozzle 12. Good combustion 
can be obtained! in -the auxiliary chambers 6, 
even/ for altitudes at which the pressure and 
die temperature of the ambieac air are in- 
sufficient for a good combustion of the fuel 
injected at 4 into the ram-jet chamber 3. In- 
deed these chambers are fed under the same 
pressure as the gas turbine combustion cham- 
bers 10 and it suffices to provide a compressor 
9 giving a compression ratio adapted to the 
desired: altitude ceiling. 

Exhaust of the •combustion gases from the 
chambers 6 is made through the holes 15 
facing in a direction substantially inclined 
with, respect to the flow direction of the 
stream through the ram-jet unit and so located 
that the very hot gases coming from the cham- 
bers 6 go into the part of the ram-jet chamber 

3 wherein the combustion must be done. On 
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the attached drawing example, the .combustion 
chambers 6 are located downstream of the 
injectors 4. The exhaust holes 15 are arranged 
on the upstream side of the -combustion cham- 

5 bers 6 and the air which goes through die 
ram-jet is strongly heated! by the 'gases com- 
ing from the chambers 6. Thus, this facili- 
tates the combustion of the fuel injected at 
4 ahead of the conventional flame holders 4a. 

10 Furthermore combustion chambers 6 and die 
supporting radial arms 6a make wakes in the 
Sow of the air which goes through the ram- 
jet engine and thus help the combustion of 
the fuel supplied by the injectors 4. In view 

15 of this, it is preferable to locate these cham- 
bers downstream of 'the injectors 4, as shown 
in the drawing. 

The total- amount of heat produced in the 
ram-jet ccmes from the combustion of the 

20 fu-1 feeding the injectors 4 and 7 respectively. 
It is therefore .possible to control this total 
amount of heat by acting on me respective 
flo?/s of the injectors 4 and 7. The flow of the 
injectors 7 being only a fraction of the flow 

25 sent to the injectors 4 under full rating con- 
ditions. 

It is also possible to conceive another 
method of operation of the ram-jet in which 
the total fuel flow necessary for the operation 

30 of the said ram-jet under certain rating con- 
ditions is supplied' to the injectors 7 9 the flow 
sent to the injectors 4 being only a make up 
flow that can be increased' as the ram-jet 
power output increases, 

35 The presence of the chambers 6 also facili- 
tates ignition of the ram-jet when a certain 
flying speed is reached' under -the action of the 
turbo-jet engine working first alone. As a 
matter of fact, ignition in the chambers 6 will 

40 be easy through the usual means and these 
chambersj when ignited, will ignite in turn 
the combustion in the ram-jet chamber 3 when 
the fuel is supplied to the injectors 4. 
Ducts 8 can be provided advantageously 

45 with valves 8d which can be closed when the 
turbo-jet" engine is working: alone, for example 
when taking off or when cruising slowly. 

To increase the altitude at which combus- 
tion is well performed' in the chambers 6 and 

50 10, it is possible to provide an the turbo-jet 
chambers 10 auxiliary 'chambers silmilar to the 
chambers 6 and to feed- those auxiliary cham- 
bers' as well as the chambers 6 with air com- 
ing from one or several additional' .compres- 

55 sion stages working on part of the air delivered 
•by the main compressor 9. The additional 
compression stages can be driven by a mech- 
anical device connected to the iturbine 11 or 
by a small auxiliary gas turbine. 

60 In the embodiment shown on Fig. 1 3 the 



turbo-jet engine is set upon the ram- jet axis 
and its expansion nozzle 12 smaller than the 
ram-jet expansion nozzle 5 throws out its jet 
through the nozzle 5. 

In this manner a very compact arrangement 65 
is obtained which has - the advantages of the 
turbo-jet for take off and those of the ram- 
jet for reaching high flying speeds while per- 
mitting to increase the ram-jet altitude ceil- 
ing. 70 

The embodiment of Figure 2 is different 
from the former in that the turbo-jet is out- 
side of the ram-jet (placed and attached below 
it, for example). This permits the use of a 
ram- jet air intake which has a centre body 16 75 
faired for supersonic speeds. In this case the 
•exhaust nozzles of the two machines are 
separate, and this allows the provision of an 
area-varying device for the turbo-jet exhaust 
nozzle alone. Such a device has been shown 80 
on attached drawing in the form of two 
pivotal flaps 17. 

Of course, the separate auxiliary chambers 
6 can be replaced by a single annular com- 
bustion chamber. 85 

What we claim is : — 

1. A composite gas turbine plant and ram- 
jet unit characterised in that one or more 
auxiliary combustion chambers of relatively 
small volume are arranged inside the main 90 
combustion chamber of the ram-jet unit and 
communicate with said main chamber through 
orifices facing in a direction substantially in- 
clined with respect to the flow direction of 
the stream through the ram-jet unit, said 95 
auxiliary combustion chamber or chambers 
being fed with fuel and with air tapped 
from the compressor of the gas turbine 
plant or other part thereof wherein the pres- 
sure is substantially greater than the pressure 100 
obtaining in the main combustion chamber 

of the ram-jet unit. 

2. Unit as claimed in claim 1, characterised 
in that 'the auxiliary combustion chamber or 
chambers are positioned downstream of the 105 
main fuel injectors of the ram-jet unit and of 

the flame holders associated therewith when 
such flame 'holders are provided. 

3. Unit as claimed in claim 1 or 2, charac- 
terised in that the gas turbine plant is a 110 
turbo-jet unit ending with an exhaust nozzle 
having its axis coincident with or parallel to 

the axis of the ram-jet unit. 
' 4. Unit as claimed in claim 3, characterised 
in that the turbo-jet unit extends adjacent to 115 
but outside the ram-jet unit in parallel relation 
therewith, said ram-jet unit having a central 
body ending forward ly with an acute super- 
sonic nose and said turbo-jet unit having a 
variable-area propelling nozzle. 120 
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- -5.-A composite gas-iairbine pknt and- ram- -For. the AppMcanitsi — — 

jet unit constructed and arranged substantially F. J. iQLBViELAND & COMPANY, 

as herein: described: with reference to Figure Chartered! Patent Agents, 

1 or Figure 2 of the accompanying drawings. 29 Southampton Buildings, 'London, W.C.2. 
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